Background: Failure to maintain a patent airway can result in brain damage or death. In patients with mandibular prognathism or retrognathism, intubation is generally thought to be difficult. We determined the degree of difficulty of airway management in patients with mandibular deformity using anatomic criteria to define and grade difficulty of endotracheal intubation with direct laryngoscopy. Methods: Measurements were performed on 133 patients with prognathism and 33 with retrognathism scheduled for corrective esthetic surgery. A case study was performed on 89 patients with a normal mandible as the control group. In all patients, mouth opening distance (MOD), mandibular depth (MD), mandibular length (ML), mouth opening angle (MOA), neck extension angle (EXT), neck flexion angle (FLX), thyromental distance (TMD), inter-notch distance (IND), thyromental area (TMA), Mallampati grade, and Cormack and Lehane grade were measured. Results: Cormack and Lehane grade I was observed in 84.2%, grade II in 15.0%, and grade III in 0.8% of mandibular prognathism cases; among retrognathism cases, 45.4% were grade I, 27.3% grade II, and 27.3% grade III; among controls, 65.2% were grade I, 26.9% were grade II, and 7.9% were grade III. MOD, MOA, ML, TMD, and TMA were greater in the prognathism group than in the control and retrognathism groups (P < 0.05). The measurements of ML were shorter in retrognathism than in the control and prognathism groups (P < 0.05). Conclusions: Laryngoscopic intubation was easier in patients with prognathism than in those with normal mandibles. However, in retrognathism, the laryngeal view grade was poor and the ML was an important factor.
INTRODUCTION
The failure of airway maintenance is the most common cause of anesthetic-related mortality in dental anesthesiology [1] . Orthognathic surgery involves the correction of musculoskeletal, dento-osseous, and soft tissue deformities of the jaws and surrounding structures.
Patients who request orthognathic surgery may have severe anatomical anomalies of airway anatomy such as mandibular prognathism or retrognathism. Safe and secure airway management by the anesthesiologist is Fig. 1 . To divide patients into 3 groups, i.e., prognathism, normal, and retrognathism, lateral cephalometric radiographs were used. Orthodontists decided which patients had an ANB angle below -1 in the prognathism group, above 4 in the retrognathism group, and between -1 and 4 in the normal group (Table 1) essential, and preoperative airway evaluation is critical in those patients [2] . Mandibular prognathism in acromegalic patients is recognized as one cause of difficulty in airway management and tracheal intubation [3] .
However, there are few data regarding the incidence of difficult intubation in mandibular anomaly patients who request orthognathic surgery.
Preoperative screening to identify patients in whom tracheal intubation may be difficult or impossible may reduce mortality and morbidity [4] . Predictors of difficult intubation such as the modified Mallampati classification, measurement of the thyromental distance, and head and neck movement, have been used to predict a difficult airway with some acceptable accuracy [5] [6] [7] [8] .
We hypothesized that these airway evaluation parameters would aid in identifying difficult airway cases in patients with mandibular deformities. The purpose of this study was to enable prediction of the Cormack and To divide patients into 3 groups, i.e., prognathism, normal, or retrognathism, lateral cephalometric radiographs were used. The ANB angle made by the sella (S), nasion (N) and A point of the maxilla, and B point of the mandible was used by an orthodontist (Fig. 1) Classification of patient groups was defined by orthodontists; ANB angle below -1 (prognathism group), above 4 (retrognathism group), and between -1 and 4 (normal group). Of 255 patients, 133 had mandibular prognathism, 33 had mandibular retrognathism, and 89 had a normal mandible relationship (Table 1) .
Preoperative evaluation was performed in all patients using the following protocol. A modified Mallampati classification [9] , mouth opening distance (MOD), mandibular depth (MD), mandibular length (ML), mouth The ANB angle made by the sella (S), nasion (N) and A point (deepest point on maxillary alveolus), and B point (deepest point on mandibular alveolus) was used by an orthodontist. Values are number of patients and percent in each group. *P = 0.008 versus retrognathism group. Values are mean ± SD. *P < 0.05 versus normal and retrognathism, † P < 0.05 versus prognathism and normal group. Values are number of patients and percent in each group. *P = 0.001 versus normal group, † P = 0.016 versus normal group. Prognathism and retrognathism are conditions in which the maxilla protrudes more than the mandible, or vice versa. Airway maintenance using a mask is difficult in patients with these conditions, and airway evaluation parameters may be different from those of normal individuals. Evaluation parameters inadequately predict a difficult airway in prognathism and retrognathism patients, and previous studies have mostly focused on changes in airway anatomy after corrective jaw surgery [20] [21] [22] [23] . The aim of this study was to identify factors that affect the difficulty of tracheal intubation by evaluating various airway parameters that have been commonly used, or have not been used before. Retrognathism patients, in whom tracheal intubation is known to be difficult [24] , prognathism patients, in whom tracheal intubation is relatively easy [10] , and a control group with normal patients were compared.
In this study, Mallampati grades III and IV were more common in the retrognathism group than in the prognathism and control groups ( Table 2 ). The prognathism group had greater MOD, ML, TMD, MOA, and TMA measurements, compared to the retrognathism and normal groups. The ML in the retrognathism group was statistically significantly shorter than in the normal and prognathism groups (Table 3 ). Cormack and Lehane grade 1 was more common in the prognathism group than in the normal group, and grade III was common in the retrognathism group; both values were statistically significant (Table 4) .
The results of airway evaluation in this study showed that prognathism patients had normal airways, predicting easy tracheal intubation using a laryngoscope in these patients. When they were actually observed through a laryngoscope, most airways were Cormack and Lehane grade I and II and tracheal intubation was relatively easy, as had been predicted during airway evaluation before anesthesia. However, in some prognathism patients with relatively developed mandibles, airway maintenance using a mask after anesthetic administration was difficult.
A relatively large number of retrognathism patients had Small sample size is one of the limitations of this study.
While a larger overall sample size would have provided better results, the especially small sample size of the retrognathism group with only 33 patients was a major limiting factor. However, because there were few cases of retrognathism, a prolonged period would have been required to obtain a larger sample size for this group.
Another limitation was the relationship between ML and the Cormack and Lehane grade. Although Cormack and Lehane grade III was significantly more common in retrognathism patients with shorter ML in our study, more research on this relationship is needed.
In conclusion, intubation by laryngoscopy is easier in prognathism patients than in patients with normal mandibles. However, patients with retrognathism of the mandible have poor Cormack and Lehane grades, making intubation by laryngoscopy difficult, possibly because of the ML in such cases.
